Oxidative stress is considered a central factor in endothelial dysfunction and plaque formation in coronary heart disease (CHD) patients. In this crosssectional study, the stress-induced protein and lipid oxidation and production of signaling molecule, nitric oxide has been investigated in CHD patients in Bangladesh. A total of 140 participants were enrolled of which 70 were CHD patients, and the remaining 70 were control subjects having no cardiovascular disease. The diagnosis of CHD was made by expert physicians through characteristic electrocardiogram and troponin changes. The protein carbonyls and thiobarbituric acid reactive substances (TBARS) levels in plasma of both groups were measured by spectrophotometric methods. The plasma nitric oxide levels were measured by reaction with Griess reagent. Statistical non-parametric tests and t-tests were used to analyze the results between the CHD patients and controls. In the patients, the mean protein carbonyls and TBARS, two important markers of oxidative stress, were 2.87 ± 0.97 nmol/mg and 6.92 ± 3.56 nmol/mL, respectively, which were significantly higher than in the control subjects, 1.71 ± 0.82 nmol/mg and 3.15 ± 1.42 nmol/mL, respectively. Assessment of the cardiovascular signaling molecule nitric oxide showed significantly lower value in the CHD patients (6.29 ± 4.78 µM) compared to the controls (10.75 ± 6.03 µM). There was a significant negative correlation between plasma TBARS and total plasma protein, and a weak negative correlation between TBARS and nitric oxide levels in the CHD patients. Evaluation of the smoking habit strongly suggested that smoking was a risk factor for the development of CHD among the Bangladeshi population. These results provide an overview of oxidative stress-mediated damages on proteins, lipids and effects on signaling molecule nitric oxide in CHD patients.
Introduction
Coronary heart disease (CHD) is associated with a high mortality rate among patients with cardiovascular diseases, which together constitute a leading cause of death and disabling symptoms worldwide. CHD is the narrowing of the arteries that supply blood and oxygen to the heart due to build-up of atheroma and plaque in the arteries, a process termed as atherosclerosis. A decrease in blood supply to the heart due to atherosclerosis, thrombosis and coronary artery spasm is known to induce myocardial ischemia [1] . However, sudden massive increase in oxygen supply causes a burst of oxygen consumption with consequent generation of reactive oxygen species (ROS). Excess production of ROS causes modification of cellular lipids and proteins of myocardium resulting the development and progression of CHD [2] . Oxidative stress is considered a central factor in endothelial dysfunction and plaque formation.
Epidemiological studies have indicated the rising prevalence of atherosclerosis globally. The World Health Organization estimated that 17.5 million people died from cardiovascular diseases (CVDs) in 2012, representing 31% of all global deaths. CVDs were responsible for the largest proportion (39%) of the global noncommunicable disease deaths under the age of 70. The prevalence of CHD varies considerably in different populations and the risk factor for CHD also varies from different geographic locations and ethnic groups. In China, the incidence of CHD was increased with high cholesterol level, while in Latin America, smoking, obesity and lack of physical activity were reported to be the primary risk factors [3] . Although research shows that the prevalence of CHD has declined in developed countries in recent years, these conditions have increased in the developing countries [4] .
There is a dramatic increase in the incidence of CHD in developing countries, particularly low and middle income countries (LMICs), creating a major challenge for the health sector. In 2001, three-fourths of the global deaths due to CHD occurred in the LMICs [5] . The exact prevalence of CHD in Bangladesh is not available but recent data show that approximately 20% of adults and 40% -60% of elderly people suffer from hypertension, and lifestyle related factors like obesity, smoking habit, high salt intake and physical inactivity may play important roles in the development of CHD [6] . Obesity and diabetes mellitus (DM) constitute major risks for CHD. After China and India, Bangladesh has the highest prevalence (10% of the population) of DM among LMICs and the prevalence is supposed to increase 30% by 2030 [7] .
Oxidative stress (OS) is a physical condition where an imbalance between an-World Journal of Cardiovascular Diseases tioxidants and concentrations of ROS develops. In general terms, the damage caused by ROS features the chemical reaction known as oxidation and ROS attacks on tissue, which is known as oxidative stress. OS leads to cellular injury, such as damage to DNA, proteins, and lipid membranes when the production of ROS exceeds the ability of the body to neutralize it [8] . The cellular injury caused by ROS has been implicated in the disease states such as diabetes, neurodegenerative diseases, cancer, atherosclerosis, and cardiovascular diseases [9] .
Due to the very short half-lives of ROS, protein and lipid oxidation are the causally associated molecules to measure oxidative damage. Protein oxidation including loss of function to the proteins, denaturation of proteins, and amino acid oxidation also used as markers for oxidative damage. With increased concentration of oxygen free radicals, there is increase in the formation of carbonyl groups in proteins [10] . Carbonyls are excellent biomarker for protein oxidation.
Lipid peroxides are also the most common oxidative biomarkers used to indicate OS. The chance of some diseases associated with OS, such as atherosclerosis, is increased with the increased concentrations of lipid peroxidation end products [11] .
Nitric oxide (NO) is an important cardiovascular signaling molecule that keeps the endothelium in shape by curbing inflammation and OS. It maintains the blood pressure and vascular tone, prevents smooth muscle cell proliferation, and inhibits leukocyte adhesion and platelet aggregation [12] . All these functions are important in the protection against onset and progression of CHD. The loss of NO is one of the earliest indicators or markers of heart disease. It has been reported that reduced bioavailability of NO leads to endothelial dysfunction that may increase CHD progression and loss of cardioprotective actions [12] .
Although the pathophysiology of atherosclerosis has not been fully elucidated, excessive ROS production plays an essential role in the development of CHD and endothelial dysfunction is linked with high-risk populations. Therefore, this study was undertaken to assess certain biochemical parameters of oxidative stress and its effect on nitric oxide production in the CHD patients in Bangladesh.
Methods

Subjects
A total of 140 subjects were enrolled in this study; among them 70 were coronary heart disease (CHD) patients admitted to the Cardiology Unit of the Dhaka Medical College Hospital, and the remaining 70 were non-CHD subjects (control group), randomly selected from the employees of different offices having no diabetes mellitus and infectious diseases. The diagnosis of CHD was made by expert physicians through the examination of characteristic electrocardiogram and troponin changes. Exclusion criteria included those suffering from diabetes mellitus, infections, impaired renal and liver function, and chronic obstructive pulmonary disease. World Journal of Cardiovascular Diseases Before data collection, both the experimental and control group subjects were informed about the study objectives. The guidelines of the Ethical Review Committee of the Faculty of Biological Sciences, University of Dhaka, were strictly followed during sample collection. Only the full consenting individuals were enrolled as the study participants, and the baseline health information were recorded on preformed questionnaire forms.
Study Period and Blood Collection
This study was conducted from January 2016 to June 2017. About 10 mL of peripheral blood was collected from the study participants with the help of an expert technician and divided equally in 2 vacutainer tubes-one containing EDTA (for plasma) and the other, without anticoagulant (for serum). The samples were brought to the laboratory in an ice chamber. After centrifugation of the blood, plasma and serum were collected in eppendorf tubes and stored at −20˚C until analyzed.
Assay of Thiobarbituric Acid Reactive Substances
The thiobarbituric acid reactive substances (TBARS) are formed as a byproduct of lipid peroxidation and used as an index of oxidative stress. In this study, TBARS level was determined according to the method of Yagi [13] . An aliquot of 2.0 mL working TBA reagent was added to 1.0 mL of sample (100 µL plasma + 900 µL saline) and 30 µL of 50 mM butylated hydroxy toluene (BHT) was added. The mixture was incubated for 15 minutes in a boiling water bath and then kept in ice for 15 minutes. The sample tubes were centrifuged for 10 minutes at 2000 rpm. Finally, the supernatant was collected to measure the absorbance at 535 nm. The TBARS value of the plasma samples was determined using a standard graph and expressed as malondialdehyde (MDA) equivalent per mL.
Protein Carbonyls Assay
Protein oxidation was estimated by measuring protein carbonyl content of the plasma samples by the method described by Levine et al. [14] . A sample of 40 µL of plasma was mixed with 900 µL of 10 mM DNPH (2, 4-dinitrophenyl hydrazine) in 2N HCl. The blank was prepared by adding 2N HCl in place of DNPH.
Both mixtures were then incubated in a dark place for 1 hour at room temperature, vortexed every 10 -15 minutes, precipitated with 30% TCA (final concentration) and then centrifuged for 3 min at 12,000 rpm. The pellet was washed three times with 1 mL ethanol:ethyl acetate (1:1, v/v) to remove excess DNPH and dissolved in 1.5 mL of 10% SDS at 37˚C for 1 hour. Insoluble substances were removed by centrifugation at 12,000 rpm for 3 min. The differences in the absorbance between the DNPH treated and HCl treated samples were determined at 360 nm by using a Shimadzu UV-VIS spectrophotometer. The protein carbonyl contents of the plasma samples were expressed as carbonyl groups/mg protein using the extinction coefficient of DNP as 22.0 mM
Assay of Total Plasma Protein
Plasma sample (20 µL) was taken in a tube and diluted with 380 µL of normal saline (0.9% NaCl). After that 1000 µL biuret reagent was added and mixed well.
The mixture was incubated for 15 minutes at room temperature. A reagent blank was prepared by adding 400 µL normal saline with 1000 µL biuret reagent. After incubation, absorbance was taken at 540 nm against the reagent blank. BSA standard protein (10 mg/mL) was treated in the same way. Different concentrations of BSA were used for the construction of a standard graph. The concentrations of proteins in the plasma samples were determined from the graph.
Plasma Nitric Oxide Levels
An aliquot of 100 µL of working Griess reagent, prepared by mixing equal volume of N-(1-naphthyl) ethylenediamine dihydrochloride and sulfanilamide in 5% phosphoric acid, was added to 0.3 mL of sample (100 µL plasma + 200 µL saline). Then 2.6 mL of deionized water was added. The mixture was incubated for 30 minutes at room temperature and the absorbance was measured at 548 nm. Different concentrations of sodium nitrite (NaNO 2 ) were used to construct a standard graph from which unknown NO level in the plasma samples were determined.
Statistical Analysis of the Data
Data analyses and figure preparations were carried out using the Statistical Package for Social Sciences (SPSS, version 20.0 for Windows) and Graphpad Prism 5.0 (Graphpad Software, Inc., La Jolla, CA). The Student's t-test, and nonparametric Mann-Whitney test and chi-square test were used (where applicable) for comparison between the CHD patients and control subjects; Spearman's correlation tests were used for correlation analyses between different parameters of the study populations. A p value of <0.05 was considered significant.
Results
Types of Coronary Heart Disease among the Patients
Of the CHD patients enrolled in this study (N = 70), 69% were diagnosed with ST-segment elevation myocardial infarction (STEMI), 24% had non-ST-segment elevation myocardial infarction (NSTEMI) and the remaining 7% were suffering from unstable angina (UA).
Baseline Characteristics of the Study Subjects
The mean age of the CHD patients was 53.7 ± 11.2 years, ranging from 21 to 80 years and their mean BMI (kg/m 2 ) was 23.3 ± 2.6. The mean duration of chest pain of the patients before admission to the hospital was 15.5 ± 19.9 hours that varied from 1 -72 hours with a median of 5 hours. An important diagnostic marker of CHD, Troponin I values of the patients were recorded and the mean was found to be 6.7 ± 13.9 ng/mL, ranging from 0.02 to 54.00 ng/mL. The pa-World Journal of Cardiovascular Diseases tients had a mean pulse rate of 80.7 ± 12.9 beats per minute (bpm) varying from 56 to 126 bpm. The mean systolic blood pressure (SBP) of the CHD patients was 129.1 ± 21.5 mmHg and the mean diastolic blood pressure (DBP) was 83.8 ± 14.8 mmHg.
On the other hand, the mean age of the control subjects was 46.4 ± 8.8 years ranging from 24 to 72 years and the mean BMI (kg/m 2 ) was 24.5 ± 3.8. They had a mean pulse rate of 77.0 ± 7.2 bpm varying from 64 to 92 bpm. The mean SBP of the control subjects was 121.2 ± 7.0 mmHg with a median value of 120 mmHg and the mean DBP was 79.6 ± 7.1 mmHg with a median value of 80 mmHg. It was found that the BMI, pulse rate and DBP of the patients were not significantly different from the controls but the SBP was significantly higher in the CHD patients (p < 0.05). In this study, the participants were not age matched and the controls were a few years younger than the patients.
Smoking Status of the Study Subjects
Among the CHD patients, 53% were current smokers, 26% were ex-smokers and 21% were non-smokers. In the control group, 39% were current smokers, 3%
were ex-smokers and 58% were non-smokers. A chi-square test revealed that there was a significant difference (p < 0.001) in smoking habit between the CHD patients and control subjects, which strongly suggested that smoking was a risk factor for the development of CHD.
Levels of Total Plasma Proteins
The mean total protein in plasma of the CHD patients was 8.33 ± 0.92 g/dL, ranging from 5.95 to 10.31 g/dL. On the other hand, the control subjects had the mean total protein level of 8.80 ± 0.81 g/dL that ranged from 5.80 to 10.35 g/dL.
Statistical analysis showed the total plasma protein of the CHD patients was significantly lower (p < 0.01) than the controls.
Levels of Thiobarbituric Acid Reactive Substances
The mean TBARS level in the plasma of the CHD patients was found 6.92 ± 3.56 nmol/mL that ranged from 2.44 to 25.52 nmol/mL and the median value was 6.06 nmol/mL. In the control subjects, the mean TBARS level was 3.15 ± 1.42 nmol/mL that ranged from 0.40 to 8.55 nmol/mL and the median value was 2.90 nmol/mL. Statistical analysis revealed that the level of TBARS in plasma of the CHD patients was significantly higher (p < 0.001) than the control subjects (Figure 1 ).
Estimation of Protein Carbonyls
It was found that the plasma protein carbonyls of the CHD patients varied from 1.63 to 5.45 nmol/mg with a mean value of 2.87 ± 0.97 nmol/mg. On the other hand, the control subjects had the mean protein carbonyls value of 1.71 ± 0.82 nmol/mg that ranged from 0.67 to 5.35 nmol/mg. Statistical analysis revealed World Journal of Cardiovascular Diseases that the CHD patients had significantly higher (p < 0.001) protein carbonyls in plasma than in the control subjects (Figure 2 ).
Nitric Oxide Levels
By analyzing the nitric oxide levels in the study subjects, it was found that the mean nitric oxide level of the control subjects was 10.75 ± 6.03 µM that varied from 1.80 µM to 34.69 µM. In the CHD patients, the mean nitric oxide level was 6.29 ± 4.78 µM that varied from 0.57 µM to 23.01 µM. The nitric oxide level of the CHD patients was found to be significantly lower (p < 0.001) than the control subjects (Figure 3 ).
Correlation of Total Protein, TBARS and Nitric Oxide in CHD Patients
Spearman's correlation analysis showed a significant negative correlation (p < 0.01, r = −0.357) between the total plasma protein and TBARS levels in CHD patients ( Figure 4 ). Also, there was a weak negative correlation between the TBARS and nitric oxide levels in the patients (p = 0.262, r = −0.136). Figure 1 . Comparison of plasma TBARS levels between the CHD patients and control subjects. The CHD patients had significantly higher TBARS level than the control subjects (p < 0.001). Figure 2 . Comparison of plasma protein carbonyl levels between the CHD patients and control subjects. The CHD patients had significantly higher protein carbonyl levels than the control subjects (p < 0.001). 
Discussion
The present study evaluated the extent of oxidative stress in the CHD patients in Bangladesh. Since diabetes mellitus and several chronic diseases are associated with oxidative stress [15] , patients with diabetes mellitus and any other chronic inflammatory condition has been excluded from this study to avoid false positive results. It was found that about 19% of the CHD patients studied were overweight compared to 28% of the control subjects, and their mean BMI was not significantly different from the control subjects. One study reported overweight (BMI ≥ 25.0) to be a risk factor for CVD [16] ; however, we have not found obesity as a risk factor for CHD.
Among the 70 patients enrolled in this study, 69% presented with STEMI, 24% had NSTEMI and 7% had unstable angina. In the USA, STEMI is responsible for 70% of all MI cases while 30% of the cases present with NSTEMI [17] , which are similar to the findings of this study. This study found a significant difference in smoking habit between the CHD patients and control subjects.
Among the patients, 53% were current smokers and 26% were ex-smokers; while in the control subjects, 39% were current smokers and only 3% were ex-smokers. The chi-square test found a positive, significant relationship between smoking habit and development of CHD. A meta-analysis of individual participant data from prospective cohort studies found smoking as a strong independent risk factor of cardiovascular events [18] . In this study, there was no data on alcohol consumption by the study participants; therefore, this risk factor could not be evaluated.
In the present study, the baseline characteristics of the CHD patients showed no significant difference in pulse rate and DBP compared to the control subjects but the SBP was significantly higher. It is to be noted that the patients were under antihypertensive drugs before collecting the blood samples as they were hospitalized with chest pain. Thus, the blood pressure at the time of blood collection may not reflect the blood pressure at the time or before admission. In this study, the participants were not age matched and the mean age of the control subjects was 46.4 years compared to 53.7 years of the patients. However, owing to the difficulties of obtaining blood samples from elderly subjects with exclusion criteria to be enrolled as controls, the study continued with the current participants.
The mean plasma protein in the CHD patients was found significantly lower than in the control subjects. A similar study carried out in Turkey showed no significant difference in the total plasma protein between the CHD patients and controls [19] . This is suggestive of the fact that the significant variation observed in the current study may have been due to age differences between the patients and the control subjects.
The lipid peroxidation product, MDA was found significantly higher (p < 0.001) in the CHD patients which was indicative of elevated oxidative stress in these patients. This observation was consistent with the previous researches on the CHD patients [1] [20] . Increased lipid peroxidation is thought to be a consequence of oxidative stress which occurs when the dynamic balance between pro-oxidant and antioxidant mechanisms are impaired. The present study found a significant negative (p < 0.01) correlation between the total plasma protein and TBARS levels in CHD patients, which might be the effect of ongoing oxidative stress in the patients. Lipid peroxidation may alter intrinsic membrane properties due to physicochemical changes of oxidized lipids or cause polymerization of membrane components [21] .
Protein carbonyl production is an indication of oxidative stress that depends upon the nature of the ROS. For example, HOCl, a major endogenous oxidizing species derived from myeloperoxidase, induces formation of carbonyl groups in proteins but causes no modification of DNA or lipids. Chlorotyrosyl moieties and aminoacyl adducts on lysine residues are specific markers of oxidation by HOCl which have been found in human atherosclerotic lesions [22] . Products of protein side chain oxidative modification are relatively stable, and serve as suitable markers for oxidative stress. In the present study, the CHD patients had significantly higher (p < 0.001) protein carbonyls than the controls. Protein carbonyl groups, a biomarker considering their advantages over lipid peroxidation World Journal of Cardiovascular Diseases products because of their early formation in stress condition was observed by Tejaswi et al. [23] .
Nitric oxide has been the subject of intense research since this endothelium derived relaxing factor was first described in 1980. It has a wide range of biological properties that maintain vascular homeostasis, including regulation of local cell growth, modulation of vascular dilator tone, and protection of the vessel from injurious consequences of platelets and other circulating cells. Several risk factors that are associated with atherosclerosis cause diminished release of nitric oxide in the arterial wall either because of impaired synthesis or excessive oxidative degradation [24] . In the present study, the plasma nitric oxide level of the CHD patients was found significantly lower (p < 0.001) than the control subjects. These data were consistent with the results described by another study in the coronary artery disease patients [25] . Lower nitric oxide level in the CHD patients indicated vascular inflammation that could lead to oxidation of lipoprotein and foam cell formation in the artery.
Summary and Conclusion
Antioxidants constitute the foremost defence system that limits the toxicity associated with free radicals. This study found significantly higher protein carbonyls and TBARS levels in the CHD patients, suggesting elevated oxidative stress; while nitric oxide, an important signaling molecule for endothelial protection, was significantly lower in these patients.
Limitations
This study has certain limitations. Firstly, the sample size was small to draw a complete picture for a population. Secondly, and more importantly, the mean age of the CHD patients was higher than the control subjects. Due to stringent inclusion criteria, it was difficult to obtain samples from age-matched control subjects. Finally, it could not be checked whether the control subjects enrolled suffered from any underlying illness which may have had an effect on the results.
